Background. In colorectal cancer (CRC), microsatellite instability (MSI) is a valuable marker of defective DNA mismatch repair that identifies cancers with distinct phenotypic properties, including favorable survival. However, the optimal assay for MSI status is unknown. We have evaluated a simplified 3-marker assay for MSI and compared it with the 5-marker (NCI) assay to see if technical variations in MSI testing are important. Materials and Methods. DNA samples from 357 CRCs were evaluated for MSI using the 5 microsatellite markers recommended for the NCI assay (BAT 25, BAT26, D2S123, D5S346, and D17S250). Results were compared with a simplified 3-marker assay (BAT25, BAT26, and D2S123). CRCs identified as MSI were evaluated for their clinical, pathological, and genetic characteristics. Results. The 5-marker assay identified 96 cancers as MSI. Only 56 of these were MSI by the 3-marker assay (3-marker? group), leaving 40 cases identified as MSI only by NCI criteria (3-marker-group). The remaining 261 cancers were microsatellite stable (MSS). The 3-marker? MSI tumors had features characteristic of MSI tumors: more proximal, poorly differentiated, associated with hereditary nonpolyposis colorectal cancer (HNPCC), more BRAF mutations, fewer KRAS mutations, better 5-year diseasespecific survival, more frequent mismatch repair (MMR) protein loss, and less likely to be metastatic on presentation (P \ .05). Chromosomal arm loss was observed only in 3-marker-MSI and MSS cancers (P \ .05). Conclusion. The 3-marker MSI assay outperforms the traditional 5-marker assay for identifying patients with favorable prognosis and homogeneous clinical and genetic features. More accurate MSI testing should improve prognostic and predictive scoring systems for colorectal cancer.
Because of its prevalence in colorectal cancer and associated favorable prognosis, microsatellite instability (MSI) is an important genetic marker in colorectal cancer that can be useful in providing personalized care to individual patients. This condition is found in 10-20% of colorectal cancers (CRC) and is an indicator of defective DNA mismatch repair (MMR). 1 It can arise in either a sporadic or hereditary fashion. In the majority of MSI cancers, methylation silencing of the MLH1 gene occurs, often in older patients. 2 This variety of colorectal cancer has also been described as the CpG Island Methylator Phenotype (CIMP), in which a variety of genes are methylated and often inactivated. In the heritable form, hereditary nonpolyposis colorectal cancer (HNPCC), there is a germline mutation in 1 of 5 mismatch repair genes (MLH1, MSH2, MSH6, PMS2, and PMS1). MSI cancers are diploid, arise predominantly in the proximal colon, are frequently poorly differentiated, and in general have an indolent biology and improved prognosis compared with microsatellite stable (MSS) cancers. 1, 3, 4 Because of these strong biological associations, MSI is a useful genetic marker in managing colorectal cancer patients. It becomes useful in subdividing colorectal cancer patients into distinct groups that show survival differences. Tumors without MSI are MSS and exhibit chromosomal instability (CIN). Tumors with CIN tend to be aneuploid, have a less favorable prognosis, and often do not have the morphological and clinical characteristics of MSI tumors. 3, 4 Also, MSI is well established as a marker of favorable prognosis. [1] [2] [3] [4] It is currently in use in a trial of selective chemotherapy for stage II CRC and has been advocated as a routine prognostic test to supplement pathologic staging. 5 In fact, several groups have proposed use of MSI to predict response to chemotherapy. 6 Whether MSI tumors respond differently to 5-fluorouracil (5-FU) chemotherapy remains unclear because conflicting results have been reported in the literature. [6] [7] [8] A major concern about using MSI status in patient management decisions is the technical reproducibility and accuracy of MSI testing. We and others have reported that the technical methods and scoring systems used in MSI testing can have a considerable impact on the accuracy of the test. 4 In 1997, in an attempt to standardize methods, a consensus panel convened by the National Cancer Institute recommended the use of 5 microsatellite markers to determine MSI status in colorectal cancer. 9 However, recent reports have shown that the 5-marker MSI assay has poor specificity and inferior accuracy compared with assays that use 5-7 microsatellite markers that contain only mononucleotide repeat sequences. [10] [11] [12] Furthermore, an immunohistochemical test to evaluate the expression of MMR genes in tumor cells has emerged as another method of detecting defective MMR; this test has a high but imperfect correlation with MSI status. 13 In this report, the authors evaluated: (1) the ability of a simplified 3-marker assay and the traditional 5-marker assay to accurately detect MSI tumors, (2) the clinical and molecular characteristics of patients identified as MSI by each assay, and (3) the accuracy of each assay in identifying MMR protein defects.
PATIENTS AND METHODS

Patients and Tumor Samples
Data were obtained from 357 snap-frozen tissue specimens collected prospectively between January 1990 and December 2004 following institutional guidelines and a protocol approved by the Institutional Review Board. All patients presented with primary adenocarcinoma of the colon or rectum and underwent surgical resection as initial treatment, either for curative or palliative intent. The tumors were from all sites of the large intestine (129 tumors proximal to the splenic flexure, 228 distal). Clinical and pathological information was collected prospectively in a database. The AJCC tumor stages for the patients  were: 63 stage I, 104 stage II, 98 stage III, and 92 stage IV. Staging information was incomplete for 2 patients. The patients were between the ages of 18 and 90 years with a slight male predominance. Median follow-up was 5.0 years, ranging from 6 weeks to 14.7 years. Tissue was snap frozen in liquid nitrogen within 30 min of resection and stored at -80°C. DNA was extracted using a proteinase K/LiCl/EtOH protocol and quantified using a GeneQuant Pro RNA/DNA calculator.
MSI Assay
Oligonucleotide primers for mononucleotide markers BAT25, BAT26 and dinucleotide markers D2S123, D5S346, and D17S250 were fluorescently labeled. The amplification of each was optimized for identical polymerase chain reaction (PCR) conditions using AmpliTaqGold DNA Polymerase. Every colon cancer specimen and its corresponding normal tissue (100 ng DNA per reaction) were analyzed for all 5 microsatellite markers (by uniplex PCR; 5-marker assay) and for only BAT25, BAT26, and D2S123 using multiplex PCR (3-marker assay), as previously described.
1 PCR volume was 20 lL. The PCR products were resolved on an 8.3% polyacrylamide gel in an ABI PRISM 377 DNA Sequencer (Applied Biosystems). Allele size instability (ASI) was detected and distinguished from PCR stutter using Genotyper 2.5 software (Applied Biosystems). Following their detection during electrophoresis, peaks were ordered by size (smallest to largest) and individually labeled with their size in base pairs. Then, using parameters provided by ABI, labels were removed from peaks that were followed within 3 base pairs, or preceded within 1.6 base pairs, by a higher amplitude peak. Allelic size instability was defined as the identification in a tumor of an allele with a length not seen in normal colonic mucosa from the same individual. 1 Tumor tissue from 18 patients with Lynch syndrome (LS) served as positive controls for MSI.
1 MSI was scored as present when C2 of 3 markers showed size instability for the multiplex 3-marker assay, or C2 of 5 for the 5-marker (NCI) assay. Tumors identified as MSI by only the multiplex assay are referred to as 3-marker? MSI, whereas those identified only by the 5-marker assay and not the 3-marker assay are referred to as 3-marker-MSI. The MSS tumors refer to those that were scored as such by both assays.
Histopathologic Studies
Using hematoxylin and eosin stained 3 lm sections taken from paraffin blocks, a pathologist evaluated the morphology of colorectal cancers from 16 of the 18 HNPCC patients and 349 of the 357 studied patients. Tumors were classified as poorly differentiated, moderately differentiated, or well differentiated based on established criteria and in comparing them to the LS tumors. The presence or absence of lymphovascular invasion (LVI) in the tumor and degree of tumor-infiltrating lymphocytes (TIL) in some specimens were also recorded. [14] [15] [16] 17 The sections underwent a process of deparaffinization, rehydration, and washing in xylene, graded alcohols, and distilled water, respectively. Blockage of endogenous peroxide activity was performed after incubation with 3% H 2 O 2 . A 10 mM citrate buffer with a subsequent microwave antigen retrieval procedure was done.
Antigen-antibody reaction was visualized using the avidin-biotin peroxidase complex (LSAB kit, Dako) and diaminobenzidine as the chromogen. Slides were counterstained with hematoxylin. Each tumor sample was rated on a scale (0-1) from complete absence of each of the 4 MMR proteins, to full expression. Non-neoplastic colonic mucosa and colorectal tumors known to be deficient of MLH1, MSH2, MSH6, and PMS2, respectively, were used as external controls. Negative protein expression was defined as complete absence of nuclear staining within tumor cells.
KRAS and BRAF Mutation Analysis
KRAS and BRAF mutation analysis was done using PCR/Ligase Detection Reaction (LDR) techniques. DNA was extracted from archived tumor samples as described previously. Primers for KRAS exon 1 were 5 0 -TTTCATT ATTTTTATTATAAGGCCTGCTGA-3 0 and 5 0 -GAATGG TCCTGCACCAGTAATATGC-3 0 . Primers for BRAF were exon 15 forward primer 5 0 -TTCTAATGCTTGCTCT GATAGGA-3 0 and reverse primer 5 0 -GGCCAAAAATT TAATCAGTGGA-3 0 . Fluorescently labeled LDR primers were used for the 7 common KRAS (Val, Asp, Ala, Arg, Ser, and Cys at codon 12 and Asp at codon 13) mutations. 18 The LDR sequences for BRAF V600E mutation were: wildtype 5 0 -/56-FAM/-AGTAAAAATAGGTGATTTTGG TC TAGCTACAGT-3 0 , mutant 5 0 -/56-FAM/AAAAATAGGT GATTTTGGTCTAGCTACAGA-3 0 , and common 5 0 -/5Phos/ GAAATCTCGATGGAGTGGGTCC-3 0 . PCR was carried out as previously described. 19 Proteinase K inactivation step was subsequently used to inactivate any Taq polymerase. In brief, LDR was done in a final volume of 25 lL using 2 lL of PCR amplicon and thermocycled with the following program: 94°C for 1.5 minutes, followed by 10 cycles of 94°C for 1 minute, 10 cycles of 65°C for 4 minutes, and held at 4°C.
Array Comparative Genomic Hybridization (aCGH)
Array CGH analysis was done on Agilent 44 K arrays by the Genomic Core Laboratory of Sloan-Kettering Institute. In brief, 2 lg of DNA from tumor and from matched normal colon mucosa was labeled using biotin nick translation. Tumor DNA was labeled with a red fluorescent label and normal DNA with a green fluorescent label. Labeled tumor and matched normal DNA were mixed in equal concentrations and precipitated with human Cot-1 DNA, then hybridized to the 44 K CGH microarray chip. Agilent Genotyper software was used to measure chromosomal arm deletions and amplifications. We used a z-score of 2.0, log 2 ratios of red fluorescence over green, and a moving average of 2 Mb. Chromosomal arm deletions and amplifications were defined as copy number loss or gain, respectively, in more than 90% of probes assigned to that chromosomal arm, with cutoff values set to ±2 median absolute deviation (MAD).
Statistics
The Fisher exact test was used to compare the 3 patient groups divided by the 3-and 5-marker assays in the categories of Lynch syndrome association, right-sided cancer, KRAS and BRAF mutations, differentiation, and stage IV disease. Survival curves were constructed using SPSS version 15.0 from SPSS Inc. (Fig. 2) . Differences in survival of the 3 groups were compared using the log-rank test. Disease-specific survival, defined as death related to cancer and greater than 30 days postoperation, was evaluated. Patients that died of other causes or were lost to follow-up were censored. Differences in MMR staining were also examined using the Fisher exact test; occurrence of genetic aberrations was compared using the Wilcoxon rank test. The level of significance was set at P \ .05.
RESULTS
The MSI status of 357 colorectal tumors was: 56 cancers (16%) were MSI by the 3-marker assay, 40 (11%) were MSI only by the 5-marker assay, and 261 (73%) were MSS by both assays.
Clinical and genetic features of the 3 patient groups defined by MSI status are shown in Table 1 . There were no significant differences in age or gender (53% of the overall study population was male, 47% female). However, in nearly every other category listed in Table 1 , the 3-marker? MSI patients showed characteristics that were distinct from the other 2 groups. The 3-marker? MSI tumors were more often located in the right colon (P = .002), contained a much higher proportion of poorly differentiated cancers (P = .029), and showed a highly favorable rate of survival. Also, only 7% of those tumors were metastatic on presentation, as opposed to 28% for each of the other 2 groups (P = .020). Of the patients with MSI tumors identified by the 3-marker assay, 14% met clinical criteria for HNPCC (by the Amsterdam 2 criteria), compared with \1% of patients with 5-marker MSI or MSS cancers (P = .018). In addition, 21% of the patients in the 3-marker? group developed colorectal cancer before age 50, as opposed to 13% in the 3-marker-and MSS groups each (P = .250).
KRAS Codon 12/13 and BRAF V600E Mutations
We found the expected high proportion of KRAS mutations (45%) in MSS cancers and found a nearly equivalent proportion (39%) in the 3-marker-MSI tumors. In contrast, the KRAS mutation proportion was lower in 3-marker MSI tumors (21%) (P = .013), a finding consistent with published data showing a lower prevalence of KRAS mutations in sporadic MSI-H colorectal tumors. BRAF V600E mutations are known to occur at relatively high frequency in sporadic MSI cancers but are absent from HNPCC associated cancers. Our data show a high proportion of BRAF mutations (34%) in the 3-marker? MSI group, confirming that a large proportion of these cancers are sporadic MSI tumors. In this group, BRAF mutations were enriched over 10-fold (34%) compared with MSS (3%) and 3-marker-MSI cases (3%) (P = .000).
MMR Staining
To verify the 3-marker MSI assay's ability to identify tumors with the absence of MMR activity, we evaluated the expression of 4 mismatch repair (MMR) genes in paraffin sections of tumor tissue. Normal tissues and MSS cancers, which are competent for mismatch repair, should retain expression of all 4 genes. Among true MSI cancers, approximately 60-70% will lose expression of 1 or 2 of these genes. In our series, 127 samples had sufficient paraffin-embedded tumor for assessment of MMR gene expression, and 126 yielded informative data ( Table 2 ). All of the tumors with MLH1 and PMS2 deficiency were MSI 3-marker? tumors, while the other groups had normal staining of MMR proteins. More than 70% of MSI 3-marker? tumors had loss of MLH1 and/or PMS2 expression, whereas none of the MSI 3-marker-or MSS tumors had deficiency in any MMR proteins (P = .000).
Comparative Genomic Hybridization (CGH) Array
A total of 25 tumors were subjected to chromosomal analysis using Agilent CGH 44 K arrays. Of these, 16 were MSI by the 3-marker assay, 4 were MSI 3-marker-tumors, and 5 were MSS (Fig. 1) . Three of the four 3-marker-MSI tumors had loss of at least 1 chromosomal arm (P = .000) as did two of the five MSS tumors (P = .012). This relatively high prevalence of chromosomal instability and aneuploidy in the 3-marker-group is unusual for tumors classified as MSI. On the other hand, none of the 3-marker? MSI tumors had chromosomal arm loss, indicating that they are diploid tumors (Table 3) . When looking at total genomic instability, 9 of the 16 3-marker? MSI tumors had no identifiable gene amplification or deletion, while 7 had genomic copy number changes of \5%. Three of the four 3-marker-MSI tumors had some genomic instability (gain or loss), as did all of the MSS tumors.
Patient Survival
The majority of patients who were classified as MSI by the 3-marker assay had disease confined to the colon and/or regional lymph nodes (93%), while 32% of those with MSS tumors had distant metastatic disease. The 5-year disease specific survival was 88% for the 3-marker? patients, 67% for 3-marker-MSI patients, and 62% for MSS patients (P = .0001; Fig. 2 ).
DISCUSSION
Microsatellite instability is an important marker for genetic and clinical correlative studies in colorectal cancer. The presence of MSI indicates a deficiency in the DNA mismatch repair pathway and identifies 2 distinct genetic subtypes of colorectal cancer. In hereditary nonpolyposis colorectal cancer (HNPCC), DNA mismatch repair function is lost because of bi-allelic inactivation (germline mutation plus subsequent somatic inactivation) in 1 of 5 genes in the DNA mismatch repair pathway (MSH2, MLH1, MSH6, PMS2, and PMS1). Sporadic MSI cancers (12-15% of patients) have deficiencies in DNA mismatch repair due to methylation silencing of the MLH1 gene (CIMP pathway). Detection of MSI can be used for identifying probands in families with HNPCC, for studying genetic mechanisms of colorectal carcinogenesis, and for stratifying patients in prognostic marker studies and chemotherapy trials. However, for MSI testing to be clinically useful, it is crucial that the PCR assays identify the presence of MMR deficiency with a high degree of accuracy.
Because a vast number of microsatellite loci throughout the genome can be affected and potentially informative, investigators have used a variety of microsatellite markers and scoring criteria to determine MSI status. In 1998, an NCI consensus statement recommended that: (1) the term MSI become standard in the field, (2) 5 microsatellite markers (mononucleotide markers BAT25, BAT26; dinucleotide markers D2S123, D5S346, and D17S250) be used as a reference panel for future research, and (3) tumors be stratified into MSI-H (C2 of 5 markers with size instability), MSI-L (1 of 5 markers), and MSS groups (0 of 5 markers). 9 Subsequent research has shown the NCI 5-marker test to have poor specificity for MSI. 1, 4, 10 This stems primarily from an overabundance of dinucleotide markers in the test. The dinucleotide markers D5S346 and D17S250 have sensitivities of about 50% for detecting tumors with mismatch repair deficiency.
1 Like all dinucleotide markers, they are inherently prone to slippage and loss of heterozygosity during DNA replication. Such random slippage of dinucleotide microsatellite markers during tumor development can result in false-positive MSI tests in tumors that do not have true defects in MMR. For this reason, clinical correlative studies using the traditional NCI assay have produced inconsistent conclusions about prognosis and chemosensitivity of MSI cancers. 4, [6] [7] [8] Furthermore, the classification of MSI-L tumors by the 5-marker assay (1 of 5 markers positive for ASI) has questionable significance, since size instability of a single dinucleotide microsatellite marker can occur randomly and be clonally preserved within the tumor. In this report we provide strong evidence that a simplified assay for MSI, which uses only 3 markers in the NCI panel: the 2 mononucleotide markers (BAT25, BAT26) and the most accurate (D2S123) of the 3 dinucleotide markers, is a more specific and equally sensitive test for identifying tumors with MMR deficiency.
The conventional NCI criteria for MSI (at least 2 of 5 markers showing allele size instability: BAT 25, BAT26, D2S123, D5S346, and D17S250) significantly overestimate the number of cases with mismatch repair deficiency. It is estimated that up to 50% of papers in the late 1990 s and early 2000 s overestimated MSI because of poor marker selection. 4 In our study, the overall proportion of colorectal cancers identified as MSI by the 5-marker assay was high (27%). However, when using the modified 3-marker test (at least 2 of 3 markers showing size instability: BAT25, BAT26, and D2S123), the rate of MSI drops to 16%. When the clinical features of these patients are compared, the 3-marker MSI assay reliably identified a group of patients with proximal, poorly differentiated, low-stage tumors with a significantly better 5-year disease-specific survival than most sporadic colorectal cancers. Additionally, this group of patients exhibited a lower rate of KRAS mutations and a higher rate of BRAF mutations, findings that are characteristic of MSI tumors in the CIMP pathway. We also found a dramatically lower incidence of chromosomal arm loss and a stronger association with HNPCC in the 3-marker? cases compared with the 3-marker-cases. It is important to recognize that the additional 11% of patients identified only by the 5-marker assay (3-marker-group) were dependent on allele size instability in 1 or both of the dinucleotide markers excluded from the 3-marker assay. These additional patients did not have the clinical, morphological, or genetic characteristics of tumors with true mismatch repair deficiency. In fact, all of these additional tumors had clinical features indistinguishable from patients in the MSS group. In our previous work, we showed that the dinucleotide markers D5S346 and D17S250 had poor sensitivity and poor specificity for MSI by testing known MMR deficient (Lynch syndrome) cancers for MSI. 1 The current study provides additional clinical evidence that these 2 markers are not only unnecessary but in fact add many false-positive cases to the true MSI group.
Our 3-marker assay uses BAT25, BAT26, and D2S123 and is driven by the high accuracy rates of BAT25 and BAT26. Some advocate using just BAT25, BAT26, or both as the preferred MSI assay. However, this is problematic because neither marker alone is perfectly sensitive or specific. 10 Our data show that, when used in combination, BAT25 and BAT26 are concordant in 94% of cases. To assign MSI status to the 6% of cases that show discordance, a third marker is needed. We show that the dinucleotide marker, D2S123, serves this role well.
For example, the sensitivities of BAT25, BAT26, and D2S123 in our assay are 100%, 94%, and 72%, respectively.
1 So 6% of the time, the mononucleotide markers will be discordant, but adding D2S123 means that 72% of those cases (or 4.3% of all patients tested) will be successfully identified by adding D2S123. Thus, we estimate the 3-marker assay misidentifies fewer than 2% of MSI tumors. Adding more markers to increase the sensitivity makes testing both more complicated and also more vulnerable to false-positive results that lower its specificity. We show that such complexity is unnecessary and that highly accurate MSI scoring can be achieved simply by modifying or reanalyzing data collected by the traditional 5-marker test.
Our study supports the findings of 2 recent publications that advocate the use of primarily mononucleotide markers for MSI testing. One such panel, named the pentaplex panel, uses BAT25, BAT26, NR21, NR22, and NR24 in a multiplex PCR. This pentaplex panel does not require normal tissue as control because mononucleotide sequences are highly conserved in tissue, except when neoplastic. 10 The sensitivity and positive predictive values of the pentaplex assay are 95.8% and 88.5%, respectively for identifying tumors with an MMR protein deficiency.
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This study reinforces our findings that the NCI 5-marker assay, by including 3 dinucleotide markers in its MSI analysis, gives a high false-positive rate. The pentaplex panel was incorporated into the revised Bethesda guidelines in 2004 for testing for MSI in suspected HNPCC patients because of its high degree of accuracy. Our results indicate similar accuracy can be achieved by using only 3 of the 5 markers within the traditional 5-marker assay.
We sought to validate the accuracy of the 3-marker MSI assay by correlating MSI status with other tests. Immunohistochemical staining for MMR proteins (MSH2, MLH1, MSH6, and PMS1) was performed on 126 tumors for which paraffin blocks were available. Among 23 tumors classified as MSI? by the 3-marker assay, 16 (71%) showed loss of expression of 1 or more MMR proteins. On the other hand, among 19 cases identified as MSI only by the NCI 5-marker assay and 84 MSS cases, none showed loss of MMR protein expression. Thus, all tumors identified as deficient in MMR protein expression were found in the 3-marker? MSI group. These data strongly validate the 3-marker assay as technically sound and clearly show the suboptimal performance of the 5-marker assay. These data also support the idea that MSI testing is more sensitive for MMR deficiency than immunostaining. One explanation for the lower sensitivity of immunostaining is that many missense mutations in MMR genes result in an antigenically intact protein, as often happens with MLH1. 13, 20 These tumors have a nonfunctional protein that is recognized by the immunostain, resulting in the failure to identify a tumor with MMR deficiency. In addition, IHC staining can give erroneous results because of heterogeneous tissue staining or inadequate tissue sampling. 13 We also correlated MSI status with comparative genomic hybridization, which evaluates tumors for chromosomal gains and losses. True MSI cancers are either diploid or near diploid, showing relatively few gains or losses throughout the genome. 21, 22 Among 16 cancers identified as MSI? by the 3-marker assay, all 16 were shown to lack any losses or gains of chromosomal arms. On the other hand, MSS cancers as well as the additional MSI cancers identified only by the 5-marker assay showed a mixture of diploid and aneuploid tumors. We conclude that only the 3-marker MSI assay is able to define a homogeneous, biologically concordant group.
Given the distinct biological and clinical properties of colorectal cancers with MSI, why has MSI testing not gained greater use in clinical practice and clinical trials? For screening of families for HNPCC, immunohistochemistry for MMR proteins has become more popular because of its low cost and widespread availability. However, because of difficulty in diagnosis of many HNPCC families, MSI testing still has an important role. 20, 23 For example, in families with HNPCC, germline mutations are found in only 70%; on the other hand, MSI is present in more than 95% of colorectal cancers that occur in these families. With regard to stratifying patients for clinical trials or selecting patients for particular chemotherapy treatments, the lack of clear standards for MSI testing has been harmful. According to some reports, therapy with 5-FU is of no benefit in colorectal cancers with MSI, while other reports state the opposite. 7, 8 A close study of these reports shows that MSI testing is frequently suspect because it has relied on assays that contain dinucleotide markers. The National Cancer Institute-National Surgical Adjuvant Breast and Bowel Project (NCI-NSABP) Collaborative Study published in 2007 found that MSI was not predictive of 5-FU chemotherapy response. 7 In this study, MSI was assigned using a 6-marker assay, and 3 of the markers were dinucleotide repeats (D2S123, Mfd15, and D5S346). On the other hand, a 2002 Taiwanese study showed that patients with MSI tumors had better response to 5-FU chemotherapy after palliative bowel resection than those that were not MSI. 8 This study used the 5-marker assay to assign MSI status. Because MSI assignment is suspect in both studies, it is impossible to conclude whether MSI has no predictive value or simply has not been properly assessed. Of note, an ongoing Eastern Cooperative Oncology Group (ECOG) trial of stage II CRC patients (E5202) is using MSI and 18q LOH testing to select patients for observation versus adjuvant chemotherapy with FOLFOX ± bevacizumab. 5 The patients with tumors identified as low risk for recurrence based on presence of MSI and retention of 18q are observed. However, MSI testing in this trial is done using a modified NCI protocol that includes dinucleotide markers.
Given its strong association with a unique tumor biology and favorable prognosis, MSI testing should be useful in the management of colorectal cancer patients. However, technical pitfalls of the assay has obscured its optimal value and hindered its widespread adoption. The biggest problem is the inclusion of dinucleotide markers in the most widely used MSI assays, which leads to a high falsepositive rate (42% in our study) and renders them inaccurate and ineffective for clinical management decisions. However, we have demonstrated that highly accurate MSI testing can be done using 3 (BAT25, BAT26, and D2S123) of the 5 markers contained within the traditional NCI microsatellite panel. This simplified test provides a clear division of colorectal cancer patients into biologically distinct groups and allows for clinical correlative studies that are meaningful, robust, and applicable to daily clinical practice. Prognostic scoring systems, association studies, and clinical trials must use validated MSI assays in order to maximize the likelihood of meaningful biological correlation.
